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Abstract
© 2018 American Physical Society. Using a realistic ten-orbital tight-binding model Hamiltonian
fitted  to  the  angle-resolved  photoemission  spectroscopy  data  on  LiFeAs,  we  analyze  the
temperature, frequency, and momentum dependencies of quasiparticle interference to identify
gap sign changes in a qualitative way, following our original proposal [Phys. Rev. B 92, 184513
(2015)PRBMDO1098-012110.1103/PhysRevB.92.184513]. We show that all features present for
the simple two-band model for the sign-changing s+ - wave superconducting gap employed
previously are still present in the realistic tight-binding approximation and gap values observed
experimentally. We discuss various superconducting gap structures proposed for LiFeAs and
identify  various  features  of  these  superconducting  gap  functions  in  the  quasiparticle
interference patterns. On the other hand, we show that it will be difficult to identify the more
complicated possible sign structures of the hole pocket gaps in LiFeAs due to the smallness of
the pockets and the near proximity of two of the gap energies.
http://dx.doi.org/10.1103/PhysRevB.97.054519
References
[1] A.  Chubukov,  Annu.  Rev.  Condens.  Matter  Phys.  3,  57  (2012).  1947-5454  10.1146/annurev-conmatphy-
-020911-125055
[2] S. Maiti, M. M. Korshunov, T. A. Maier, P. J. Hirschfeld, and A. V. Chubukov, Phys. Rev. Lett. 107, 147002 (2011).
PRLTAO 0031-9007 10.1103/PhysRevLett.107.147002
[3] H .  Kontan i  and  S .  Onar i ,  Phys .  Rev .  Le t t .  104 ,  157001  (2010) .  PRLTAO  0031-9007
10.1103/PhysRevLett .104.157001
[4] I. I. Mazin, D. J. Singh, M. D. Johannes, and M. H. Du, Phys. Rev. Lett. 101, 057003 (2008). PRLTAO 0031-9007
10.1103/PhysRevLett.101.057003
[5] K. Kuroki, S. Onari, R. Arita, H. Usui, Y. Tanaka, H. Kontani, and H. Aoki, Phys. Rev. Lett. 101, 087004 (2008).
PRLTAO 0031-9007 10.1103/PhysRevLett.101.087004
[6] C.  Platt,  R.  Thomale,  and  W.  Hanke,  Phys.  Rev.  B  84,  235121  (2011).  PRBMDO  1098-0121
10.1103/PhysRevB.84.235121
[7] Y. Wang, A. Kreisel, V. B. Zabolotnyy, S. V. Borisenko, B. Büchner, T. A. Maier, P. J. Hirschfeld, and D. J.
Scalapino, Phys. Rev. B 88, 174516 (2013). PRBMDO 1098-0121 10.1103/PhysRevB.88.174516
[8] Z. P. Yin, K. Haule, and G. Kotliar, Nat. Phys. 10, 845 (2014). 1745-2473 10.1038/nphys3116
[9] F. Ahn, I. Eremin, J. Knolle, V. B. Zabolotnyy, S. V. Borisenko, B. Büchner, and A. V. Chubukov, Phys. Rev. B 89,
144513 (2014). PRBMDO 1098-0121 10.1103/PhysRevB.89.144513
[10] J. K. Glasbrenner, I. I. Mazin, H. O. Jeschke, P. J. Hirschfeld, R. M. Fernandes, and R. Valenti, Nat. Phys. 11, 953
(2015) 1745-2473 10.1038/nphys3434
[11] P. O. Sprau, A. Kostin, A. Kreisel, A. E. Böhmer, V. Taufour, P. C. Canfield, S. Mukherjee, P. J. Hirschfeld, B. M.
Andersen, and J. C. S. Davis, Science 357, 75 (2017). SCIEAS 0036-8075 10.1126/science.aal1575
[12] A. Kreisel, B. M. Andersen, P. O. Sprau, A. Kostin, J. C. Seamus Davis, and P. J. Hirschfeld, Phys. Rev. B 95,
174504 (2017). 2469-9950 10.1103/PhysRevB.95.174504
[13] H. Miao, Z. P. Yin, S. F. Wu, J. M. Li, J. Ma, B.-Q. Lv, X. P. Wang, T. Qian, P. Richard, L.-Y. Xing, X.-C. Wang, C. Q.
Jin, K. Haule, G. Kotliar, and H. Ding, Phys. Rev. B 94, 201109 (2016). 2469-9950 10.1103/PhysRevB.94.201109
[14] T. Saito, S. Onari, Y. Yamakawa, H. Kontani, S. V. Borisenko, and V. B. Zabolotnyy, Phys. Rev. B 90, 035104
(2014). PRBMDO 1098-0121 10.1103/PhysRevB.90.035104
[15] S .  Ma i t i  and  A .  V .  Chubukov ,  Phys .  Rev .  B  87 ,  144511  (2013) .  PRBMDO  1098-0121
10.1103/PhysRevB.87.144511
[16] M.  Khodas  and  A.  V.  Chubukov,  Phys.  Rev.  Lett.  108,  247003  (2012).  PRLTAO  0031-9007
10.1103/PhysRevLett.108.247003
[17] T. S. Nunner, W. Chen, B. M. Andersen, A. Melikyan, and P. J. Hirschfeld, Phys. Rev. B 73, 104511 (2006).
PRBMDO 1098-0121 10.1103/PhysRevB.73.104511
[18] T .  Pereg-Barnea  and  M.  Franz,  Phys.  Rev.  B  68,  180506  (2003) .  PRBMDO  0163-1829
10.1103/PhysRevB.68.180506
[19] T. Hanaguri, Y. Kohsaka, M. Ono, M. Maltseva, P. Coleman, I. Yamada, M. Azuma, M. Takano, K. Ohishi, and H.
Takagi, Science 323, 923 (2009). SCIEAS 0036-8075 10.1126/science.1166138
[20] M.  Ma l tseva  and  P .  Co leman,  Phys .  Rev .  B  80 ,  144514  (2009) .  PRBMDO  1098-0121
10.1103/PhysRevB.80.144514
[21] T.  Hanaguri,  S.  Niitaka,  K.  Kuroki,  and  H.  Takagi,  Science  328,  474  (2010).  SCIEAS  0036-8075
10.1126/science.1187399
[22] A.  Akbari,  J.  Knolle,  I.  Eremin,  and  R.  Moessner,  Phys.  Rev.  B  82,  224506 (2010).  PRBMDO 1098-0121
10.1103/PhysRevB.82.224506
[23] S. Sykora and P. Coleman, Phys. Rev. B 84, 054501 (2011). PRBMDO 1098-0121 10.1103/PhysRevB.84.054501
[24] P. J. Hirschfeld, D. Altenfeld, I. Eremin, and I. I. Mazin, Phys. Rev. B 92, 184513 (2015). PRBMDO 1098-0121
10.1103/PhysRevB.92.184513
[25] I. I. Mazin and D. J. Singh, arXiv:1007.0047.
[26] S. Chi, W. N. Hardy, R. Liang, P. Dosanjh, P. Wahl, S. A. Burke, and D. A. Bonn, arXiv:1710.09089.
[27] S. Chi, W. N. Hardy, R. Liang, P. Dosanjh, P. Wahl, S. A. Burke, and D. A. Bonn, arXiv:1710.09088.
[28] J. H. J. Martiny, A. Kreisel, P. J. Hirschfeld, and B. M. Andersen, Phys. Rev. B 95, 184507 (2017). 2469-9950
10.1103/PhysRevB.95.184507
[29] Z. Du, X. Yang, D. Altenfeld, Q. Gu, H. Yang, I. Eremin, P. J. Hirschfeld, I. I. Mazin, H. Lin, X. Zhu, and H.-H. Wen,
Nat. Phys. 14, 134 (2018). 10.1038/nphys4299
[30] S. V. Borisenko, V. B. Zabolotnyy, A. A. Kordyuk, D. V. Evtushinsky, T. K. Kim, I. V. Morozov, R. Follath, and B.
Büchner, Symmetry 4, 251 (2012). 2073-8994 10.3390/sym4010251
[31] K. Umezawa, Y. Li, H. Miao, K. Nakayama, Z.-H. Liu, P. Richard, T. Sato, J. B. He, D.-M. Wang, G. F. Chen, H.
Ding,  T.  Takahashi,  and  S.-C.  Wang,  Phys.  Rev.  Lett.  108,  037002  (2012).  PRLTAO  0031-9007
10.1103/PhysRevLett.108.037002
[32] S. Chi, S. Grothe, R. Liang, P. Dosanjh, W. N. Hardy, S. A. Burke, D. A. Bonn, and Y. Pennec, Phys. Rev. Lett.
109, 087002 (2012). PRLTAO 0031-9007 10.1103/PhysRevLett.109.087002
[33] T. Hänke, S. Sykora, R. Schlegel, D. Baumann, L. Harnagea, S. Wurmehl, M. Daghofer, B. Büchner, J. van den
Brink, and C. Hess, Phys. Rev. Lett. 108, 127001 (2012). PRLTAO 0031-9007 10.1103/PhysRevLett.108.127001
[34] M. P. Allan, A. W. Rost, A. P. Mackenzie, Y. Xie, J. C. Davis, K. Kihou, C. H. Lee, A. Iyo, H. Eisaki, and T.-M.
Chuang, Science 336, 563 (2012). SCIEAS 0036-8075 10.1126/science.1218726
[35] S. Chi, S. Johnston, G. Levy, S. Grothe, R. Szedlak, B. Ludbrook, R. Liang, P. Dosanjh, S. A. Burke, A. Damascelli,
D.  A.  Bonn,  W.  N.  Hardy,  and  Y.  Pennec,  Phys.  Rev.  B  89,  104522  (2014).  PRBMDO  1098-0121
10.1103/PhysRevB.89.104522
[36] S. Grothe, S. Chi, P. Dosanjh, R. Liang, W. N. Hardy, S. A. Burke, D. A. Bonn, and Y. Pennec, Phys. Rev. B 86,
174503 (2012). PRBMDO 1098-0121 10.1103/PhysRevB.86.174503
[37] S. Chi, R. Aluru, U. R. Singh, R. Liang, W. N. Hardy, D. A. Bonn, A. Kreisel, B. M. Andersen, R. Nelson, T. Berlijn,
W. Ku, P. J. Hirschfeld, and P. Wahl, Phys. Rev. B 94, 134515 (2016). 2469-9950 10.1103/PhysRevB.94.134515
[38] S. Chi, R. Aluru, S. Grothe, A. Kreisel, U. R. Singh, B. M. Andersen, W. N. Hardy, R. Liang, D. A. Bonn, S. A.
Burke, and P. Wahl, Nat. Commun. 8, 15996 (2017). 2041-1723 10.1038/ncomms15996
[39] A. Kreisel, R. Nelson, T. Berlijn, W. Ku, R. Aluru, S. Chi, H. Zhou, U. R. Singh, P. Wahl, R. Liang, W. N. Hardy, D.
A.  Bonn,  P.  J.  Hirschfeld,  and  B.  M.  Andersen,  Phys.  Rev.  B  94,  224518  (2016).  2469-9950
10.1103/PhysRevB.94.224518
[40] L.  Capriotti,  D.  J.  Scalapino, and R. D. Sedgewick,  Phys.  Rev. B 68, 014508 (2003).  PRBMDO 0163-1829
10.1103/PhysRevB.68.014508
[41] L.  Zhu,  W.  A.  Atkinson,  and  P.  J.  Hirschfeld,  Phys.  Rev.  B  69,  060503  (2004).  PRBMDO  1098-0121
10.1103/PhysRevB.69.060503
[42] K.  Nakamura,  R.  Arita,  and  H.  Ikeda,  Phys.  Rev.  B  83,  144512  (2011).  PRBMDO  1098-0121
10.1103/PhysRevB.83.144512
[43] N. Qureshi, P. Steffens, D. Lamago, Y. Sidis, O. Sobolev, R. A. Ewings, L. Harnagea, S. Wurmehl, B. Büchner,
and M. Braden, Phys. Rev. B 90, 144503 (2014). PRBMDO 1098-0121 10.1103/PhysRevB.90.144503
[44] T. Hanaguri,  K. Iwaya, Y. Kohsaka, T. Machida, T. Watashige, S. Kasahara, T. Shibauchi, and Y. Matsuda,
arXiv:1710.02276.
[45] N. Qureshi, P. Steffens, Y. Drees, A. C. Komarek, D. Lamago, Y. Sidis, L. Harnagea, H.-J. Grafe, S. Wurmehl, B.
Büchner ,  and  M.  Braden,  Phys .  Rev .  Let t .  108 ,  117001  (2012) .  PRLTAO  0031-9007
10.1103/PhysRevLett .108.117001
[46] J.  Böker,  P.  A.  Volkov,  K.  B.  Efetov,  and  I.  Eremin,  Phys.  Rev.  B  96,  014517  (2017).  2469-9950
10.1103/PhysRevB.96.014517
[47] X.  Lu,  C.  Fang,  W.-F.  Tsai,  Y.  Jiang,  and  J.  Hu,  Phys.  Rev.  B  85,  054505  (2012).  PRBMDO 1098-0121
10.1103/PhysRevB.85.054505
[48] R. Nourafkan, G. Kotliar, and A.-M. S. Tremblay, Phys. Rev. Lett. 117, 137001 (2016). PRLTAO 0031-9007
10.1103/PhysRevLett.117.137001
